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Abstract 
In the developed world, and increasingly in other parts 
of the world where economies are rapidly growing, 
travel has never been cheaper and the desire for travel 
a fundamental requirement of a vibrant society and 
growing economy.  New instantaneous 
communications, broadcasts and the media have 
opened our eyes to a global world of opportunity for 
business, leisure travel and goods and services 
available around the world. We have embraced 
opportunities to travel and the choice of goods that 
global trade provides. However, we now face the 
challenges of global warming and limited supplies of oil, 
set against increasing demands for oil. At a national 
level, we face increasing congestion on roads and rail.  
The challenge it seems is to enable the economic 
growth whilst finding ways to mange congestion, the 
demands on energy and even ultimately the need to 
travel as much as we do at present, through changes in 
behaviour, lifestyle and ultimately urban design. 
 
One element of this is considering future science and 
technology in transport, whether it be for sensing, 
management and control, advanced modelling and 
simulation of transport systems, demand, economic, 
social and demographic data as well as how vehicles, 
public and private transport and the relationship 
between the individual and government/authorities may 
change over time.  Just as science and technology gave 
us the freedom to move, they will play a key role in 
helping us to respond to these new challenges. 
Advances in sensor technology, computing power and 
telecommunications can allow us to build intelligence 
into the infrastructure and our decision making models. 
 
For example, could we deliver a future where we have 
the freedom to choose whether we travel? It could see 
transport stimulating economic growth, the seamless 
integration of different modes of transport and real-time 
intelligent support to help people along their way.  
Extending traveller information and ITS systems could 
support us when we travel so that we can make 
productive use of every moment of travelling time, 
whether for our own pleasure or to work. In doing this, 
new technology could support a sustainable world of 
global trade. 
 
We already have much of the technology to deliver such 
a system.  But we need to learn how to implement it, 
and to do so in a way that is sustainable. The transport 
challenge of the next 30 years will be to use technology 
to deliver infrastructure, systems and knowledge that 
will stimulate economic growth, support social cohesion 
and be environmentally sustainable. We need to explore 
these opportunities and challenges ahead as we seek to 
deliver this future in the UK and to provide though 
leadership to advise the emerging economise on how to 
avoid some of the pitfalls with transport provision and 
growth that we have experienced in the West, thus, it is 
worth taking a speculative look into the long term future 
to explore whether future trends may be predicted by a 
broad ranging look at what new technologies may 
emerge, for example, to put more intelligence into the 
transport infrastructure. This intelligence, and the 
blurring of the relationship between the infrastructure 
and the vehicle through major ITS communications 
initiatives, may deliver opportunities for new paradigms 
in road use charging that are not just based upon cost 
recovery, or congestion management, but on pricing the 
environmental impacts and consequential carbon 
footprint of a car journey.  In the UK such a future 
scoping exercise has been undertaken under the office 
of Science and Technology Foresight programme.  The 
Intelligent Infrastructure Systems Study set out to 
explore how science and technology could, over the 
next 50 years, bring intelligence into infrastructure to 
meet these demanding and sometimes conflicting 
objectives.  
1 Introduction 
The Foresight Project on Intelligent Infrastructure 
Systems (IIS) [4] set out to examine the challenges and 
opportunities for the UK in bringing “intelligence” to its 
infrastructure – the physical networks that we rely on to 
deliver such services as transport, telecommunications, 
water and electricity. The aim of the project was to 
explore how science and technology may be applied 
over the next 50 years to design and implement IIS that 
are robust, sustainable and safe. For the purposes of 
the scenario development and the associated State of 
Science and Technology Reviews that were 
commissioned as part of the project, it was necessary to 
limit the scope of these studies, thus the primary focus 
of the project was to examine the intelligent 
infrastructure from the transport perspective.  In itself 
this gives an unprecedented opportunity for the ITS 
community to benefit from research which looked at 
significantly long time horizons, and the likely evolution 
and impact of intelligent infrastructure in the transport 
environment.  Moreover, the study not only considers 
the infrastructure and how ITS may evolve, become 
more joined up and intelligent over the 50 year time 
span, it also considers societal changes, how vehicles 
and other transport modes may change, travel patterns, 
the implications of intelligence and privacy, and the 
effects that disturbances, such as future energy 
availability and climate change, may have on the 
infrastructure.  
 
In the context of the Foresight Project, “intelligence” 
refers to the application of information and 
communications technologies to infrastructure. Thus, for 
this project, IIS are the telecommunications and data 
processing technologies that facilitate more effective 
use of our transport networks.  
 
While the project addressed the wider issues of 
infrastructure, it concentrated its analysis on the 
transport infrastructure that has to meet our needs for 
the movement of goods and people. Where appropriate, 
the study also considered the interactions between the 
transport infrastructure and other services, especially 
telecommunications which, as the project shows, can 
play an important role in transport.  
 
An underlying theme of the project has been that unless 
we make fundamental changes in why and when we 
travel, our existing transport infrastructure can, and 
must, carry more people and goods without any decline 
in the quality of that service and without imposing 
greater burdens on the environment or on safety. 
Indeed, a sub-plot to the project was that even without 
significant physical expansion an IIS can deliver better 
service. The challenge is to see where and how to add 
that intelligence, what the barriers are to this, and what 
the implications of IIS would be for the many different 
users and suppliers of transport services. 
 
The project found that intelligence could help us to meet 
these objectives and perhaps do more. It could 
stimulate growth rather than simply supporting it, 
perhaps going so far as to permit manufacturing with 
virtually no waste. Intelligence could also support and 
promote a more inclusive society.  It concluded that in 
transport we face many uncertainties in the future that 
will affect the best way to use intelligence in our 
infrastructure.  
2 The Scenarios: Smart Futures 
In parallel with the science reviews the project team 
consulted widely to enable them to develop a number of 
possible ‘futures’ for intelligent infrastructure and the 
likely social, political, economic, transport and 
environmental issues that may be present in one or 
other of the future scenarios.  Their remit being: to build; 
understand; and develop a range of plausible and 
coherent future scenarios for the future development of 
intelligent infrastructure systems between now and the 
year 2055. Each scenario assumes some level of 
technological development and use, however altering 
the many other contributing factors result in very 
different outcomes. The scenarios were designed as a 
think-piece for the government, thus in looking at each 
of these scenarios we can establish the desirable and 
undesirable attributes of each and use them to 
determine the research and resource allocation 
necessary to achieve or avoid certain future outcomes. 
 
The scenarios were labelled as: Good Intentions; 
Perpetual Motion; Tribal Trading; and Urban Colonies. 
These will be described below and a figure for each will 
display the impact that the scenario would have on the 5 
major benchmarks; the Economy (Ec), Society (So), 
Environment (En), Safety (Sa) and the Robustness (Ro) 
of future transport infrastructure. If the arrows are 
pointing upward it is deemed to have a positive impact.  
The assessment also looks at the high, medium and low 
adoption of the four key tenants of intelligent 
infrastructure, previously identified in the introduction: 
intelligent urban design; a system to provide 
intelligence; infrastructure that is intelligent; and 
intelligent use of the system.   
2.1 Good Intentions 
Good Intentions describes a world in which the need to 
reduce carbon emissions constrains personal mobility. A 
tough national surveillance system ensures that people 
travel only if they have sufficient carbon ‘points’. 
Intelligent cars, manufactured from recyclable, 
renewable and energy-efficient materials, monitor and 
report on the environmental cost of journeys. In-car 
systems adjust speed to minimise emissions. Traffic 
volumes have fallen and mass transportation is used 
more widely.  Travel is priced in terms of road use and 
environmental pollution, and is collected pervasively. 
Businesses have adopted energy efficient practices: 
they use sophisticated wireless identification and 
tracking systems to optimise logistics and distribution. 
Some rural areas pool community carbon credits for 
local transport provision but many are struggling. There 
are concerns that the world has done too little to repair 
the damage caused by decades of human activity. 
Airlines continue to exploit loopholes in the carbon 
enforcement framework. The market has failed to 
provide a realistic alternative energy source.   
 
Good Intentions is a world initially hamstrung by trying 
to satisfy all interests, where consensus on the action to 
minimise environmental impact is lacking until 2025, 
when extreme weather has become so common that 
economic well-being is undermined by the impact on the 
environment. By 2050, drastic action becomes 
necessary and it becomes a struggle to maintain the 
previous levels of economic activity. Over time, 
technology systems become essential to deliver 
efficiency and allow use of individual CO2 allowances. In 
the end, the world becomes dominated by carbon 
budgets in the absence of cheap low-emission energy. 
Slowly the importance of designing the urban 
environment for less travel and more efficient use of 
resources achieves sufficient importance. Figure 1 
shows the impact that the scenario would have on the 5 
major benchmarks of future transport infrastructure and 
also suggests that this scenario will make medium use 
of intelligent infrastructure itself and be poor at making 
‘intelligent use’ of the infrastructure. 
 
 
Figure 1: Assessment of impact of Good Intention 
Scenario 
2.2 Perpetual Motion 
Perpetual Motion describes a society driven by constant 
information, consumption and competition. In this world, 
instant communication and continuing globalisation 
have fuelled growth: demand for travel remains strong. 
New, cleaner, fuel technologies are increasingly 
popular. Road use is causing less environmental 
damage, although the volume and speed of traffic 
remains high.  Aviation still relies on carbon fuels – it 
remains expensive and is increasingly replaced by ‘tele-
presencing’ for business and rapid trains for travel. 
Integrated, interoperable payment for all transport 
modes and associated services is collected through 
road use, value charging and a range of service, energy 
and infrastructure charges 
 
A precondition of the always-on world of Perpetual 
Motion is energy supply, emission-free and preferably 
low cost. Here we explore the use of hydrogen as an 
energy vector. The benefit of zero emissions at point of 
use that hydrogen gives us is a major advantage in this 
future. Technology in all its aspects is a large but not 
exclusive part of the picture, and the human capacity to 
cope with such a world resists full-scale adoption. In this 
scenario, technology achieves levels of interoperability, 
resilience and ubiquity that render it effective and 
trustworthy.  
 
The strong economic position reflects a return on the 
investment made to deliver this technology and an 
energy rich world. But, of course, problems still exist, 
arguably because technology is applied without regard 
to the design of the physical environment or its waste 
footprint. People are also too busy to think about 
efficient use. Crime adapts to a more connected world, 
as does law enforcement.  Figure 2 shows the impact 
that the scenario would have on the 5 major 
benchmarks and also suggests that this scenario will 
make high use of intelligence from infrastructure and the 
intelligent infrastructure itself. 
 
 
Figure 2: Assessment of impact of Perpetual Motion 
Scenario 
2.3 Tribal Trading 
Tribal Trading describes a world that has been through 
a sharp and savage energy shock. The world has 
stabilised, but only after a global recession has left 
millions unemployed. The global economic system is 
severely damaged and infrastructure is falling into 
disrepair. Long-distance travel is a luxury that few can 
afford and for most people, the world has shrunk to their 
own community. Cities have declined and local food 
production and services have increased. Canals and 
sea-going vessels carry freight: the rail network is 
worthwhile only for high value long-distance cargoes 
and trips. There are still some cars, but local transport is 
typically by bike and by horse. There are local conflicts 
over resources: lawlessness and mistrust are high. The 
state does what it can – but its power has eroded. Toll 
charging reverts to the payment for protection of secure 
and safe travel routes as it did two millennia ago. 
 
The world of Tribal Trading is overwhelmed by shocks, 
initiated by a sharp energy shock and global competition 
for resources. In consequence intelligent infrastructure 
is not on the agenda. It seems to be a world of 
opportunities not grasped and challenges ignored until 
too late. Some places fare better than others, but 
universally the focus is on making the most of the 
resources available, particularly locally, and being 
patient. Recycling is not just a good idea but an 
economic necessity. Technology is limited to that which 
is robust and able to cope with fluctuations in energy 
supply; legacy infrastructure is patched and patched 
again. Society starts to recover eventually, but it is a 
long hard path. Figure 3 shows the impact that the 
scenario would have on the 5 benchmarks and also 
suggests that this scenario will make low use of 
intelligence from infrastructure and the intelligent 
infrastructure itself but will require a high level of 
intelligent use to cope with the shocks and damaged 
economy/society. 
 
 
Figure 3: Assessment of impact of Tribal Trading 
Scenario 
2.4 Urban Colonies 
In Urban Colonies, investment in technology primarily 
focuses on minimising environmental impacts. In this 
world, good environmental practice is at the heart of the 
UK’s economic and social policies; sustainable 
buildings, distributed power generation and new urban 
planning policies have created compact, dense cities.  
Use of environmentally-led road user charging is 
accepted as the norm. Transport is permitted only if 
green and clean – car use is still energy expensive and 
is restricted. Real-time information about transport is 
available in the cities. Public transport – electric and low 
energy – is efficient and widely used. 
 
Competitive cities have the IT infrastructure needed to 
link high value knowledge businesses, but poor 
integration of public systems means that private 
networks are most trusted. Rural areas have become 
more isolated, effectively acting as food and bio-fuel 
sources for cities.  Consumption has fallen. Resource 
use is now a fundamental part of the tax system and 
disposable items are less popular. 
 
Urban Colonies identifies that improved urban design, 
organising ourselves to minimise the need for travel, 
has a contribution to make. In part this is a response to 
environmental concerns and climate change, but it is 
also driven by suspicion about intelligent technologies, 
which means we have reason to find alternatives to 
travel. Cleaner technologies and low emission energy 
create an environmental benefit, but the overall 
economic focus is more city-based than global, with 
medium economic growth. Societal benefits accrue from 
a society integrated more at the local level. Because of 
technology resistance, safety benefits are limited and 
systems resilience is uneven, itself arguably reducing 
global competitiveness. Clearly people in this scenario 
are environmentally aware and more careful in their use 
of resources. Figure 4 shows the impact that the 
scenario would have on the benchmarks and also 
suggests that this scenario will make low use of the 
intelligent infrastructure however a high level of 
intelligent design to utilise ‘smart use’ of resources and 
sustainable urban design.  
 
 
Figure 4: Assessment of impact of Urban Colonies 
Scenario 
3 Discussion 
As seen from the four scenarios, there are benefits and 
dis-benefits to each. The scenarios allow us to establish 
what is desirable and determine how certain outcomes 
can be achieved or avoided through strategic thinking, 
policy change and rigorous research.  
 
The main themes to emerge as risks which could dictate 
how we travel and the state of the 5 benchmarks are 
apparent through each scenario: energy availability; 
climate change; and society acceptance and trust of 
technology. It is clear that changes made now could 
greatly effect how we live and travel in 50 years time 
and the values that society have, thus mitigating some 
of the risks.  
 
What is unmistakable is that leadership by establishing 
clear strategies is vital for travel in the future. The focus 
need not be on the technology that will deliver it but on 
the end product or goal. Research and Development 
could then establish what technologies could deliver the 
stated goals. The economy and society flourish when 
travel is available and laying out a road map to maintain 
travel in the future for all will influence positive 
behavioural change, such as the uptake and 
acceptance of ITS for efficiency and safety.  
 
It is becoming more and more evident that environment 
issues, such as climate change, could have a big impact 
on the way we travel although it is not yet know exactly 
how. Thus, the environment must become much more 
centric to social and economic policies if we are to 
continue enjoying travel, as is presented in Urban 
Colonies, and avoid the strong hold that carbon trading 
has in the Good Intentions scenario. By focusing on and 
understanding the impact of travel the environment, 
there will be guidance available for businesses to 
become more efficient and society will be prepared for 
change. 
 
For example, each of the scenarios assumes some 
level of RUC for demand management of the existing 
road network, however, at present the government does 
not have any clear strategy for this. It would be greatly 
advised that this is considered, particularly in light of the 
potential issues surrounding the environment, as road 
use is proportional to capacity. Increasing capacity 
would result in increased traffic which is not desirable. 
Thus, by being proactive and setting out clear 
timescales for the introduction of better demand 
management of existing road networks, such as RUC, 
the public and business will be better prepared for the 
future. Alongside this it is imperative that resources are 
planned strategically for the vast improvements needed 
if public transport is to be a viable, flourishing 
alternative, as it is in Urban Colonies. Improvements to 
train travel, such as creating office space to encourage 
business travel and working with technology to greatly 
improve the level of service offered,  could have a big 
impact on reducing both car and air travel (particularly 
domestic) whilst potentially having a positive impact on 
the economy. 
 
The scenarios make it clear that finding an alternative 
energy source to petrol is essential if travel in the future 
is to be available as it is now, particularly if an energy 
crisis, such as the one presented in Tribal Trading, is to 
be avoided. It is also essential that research determines 
an alternative that is clean and green both when used 
and produced. At present, alternative fuels produced in 
this country, such as electricity or hydrogen fuel cells, 
may be much cleaner when used but they are still dirty 
to produce; thus, in order to avoid the situation 
presented in Good Intentions where travel is dictated by 
carbon footprint, it is imperative to find viable 
alternatives to the fuels used today. 
 
It is also evident that travel demand needs to be re-
evaluated to establish how it can be reduced. For 
example, although the Tribal Trading scenario was 
largely undesirable it did demonstrate the benefits of 
good urban and rural design, allowing us to live closely 
to where we work, and putting an increased emphasis 
on local food production, each of which would reduce 
the need for travel on a day to day basis. This would 
allow for social inclusion, enabling individuals to save 
money or carbon credits for overseas holidays and not 
limiting this to certain social classes and those who can 
afford it. 
 
Technology is essential if we are to make effective use 
of the existing transport networks. To enable this, 
research must be carried out for future intelligent 
infrastructure development as it offers both the 
opportunity to deploy the technology in the infrastructure 
and in-vehicles and a mechanism to raise the revenue 
to pay for the deployment. Moreover the types of 
systems that may be deployed could not only deliver 
road pricing but also support a range of possible value-
added services, utilising the technology and sharing the 
infrastructure costs. 
 
At Newcastle University we are carrying out essential 
research to establish how ITS can deliver future 
intelligent vehicles and infrastructure for demand 
management and network optimisation. As the 
capability of pervasive wireless systems is realised it is 
clear that these systems will have a significant future 
role in transport, moving us towards a more ‘Connected 
Environment’ with all-seeing, all-knowing networks. 
Embedding this technology into infrastructure and 
vehicles, and connecting to individuals through their 
PDAs, mobile phones or wearable interfaces could 
permit vast information capture and network 
understanding.  
 
Research investigating all three aspects of the 
connected world is a top priority within TORG at 
Newcastle University. For example, environmental 
sensors have been designed and developed in 
collaboration with the electrical engineering department 
for deployment in lampposts along a busy corridor in 
Gateshead for the EPSRC MESSAGE Project [5]. 
These sensors are equipped with GPS technology so 
that they can locate themselves and are able to monitor 
a number of different pollutants, including Carbon 
Monoxide and Nitrogen Dioxide, and noise levels, plus 
count traffic levels. Thus, the condition of the network is 
under continuous surveillance, highlighting the problem 
areas at a real-time level and enabling direct mitigation, 
such as potential RUC based on real-time pollution or 
CO2 levels as vehicles contribute to them.  
 
Other research in collaboration with the School of 
Computer Science is investigating the use of wireless 
networks within the vehicle to monitor the condition of 
the vehicle and the road. The onboard sensors can be 
used to establish and communicate the performance of 
the vehicle (as in the EMMA project [2]), its impact on 
the environment (based upon driving style as is 
demonstrated in the Footlite project [3]) and the 
condition of the road (such as being demonstrated with 
the TRACKSS Project [6]). The sensors can also create 
adhoc networks with sensors in the infrastructure, 
communicating this information wider. If vehicles and 
individuals are in continuous contact with infrastructure, 
this offers new paradigms for traffic monitoring and 
control, enabling resourceful allocation of road space, 
the ability to deal with incidents quickly and efficiently, 
and to automatically identify maintenance needs. If 
these devices become small and cheap enough to 
make, as is the vision of Smartdust, then they could be 
deployed everywhere, including on humans. The 
development of sensor embedded jewellery is being 
researched as part of the MESSAGE project [5] in 
collaboration with the Informatics Research Institute and 
Culture Lab. One could imagine that we will each carry 
our own personal exposure meter, which creates daily 
reports of the impacts on our health and alerts us when 
we are in pollutant hotspots.  
 
Additionally, research is also establishing how 
individuals could benefit from wireless devices. If 
vulnerable road users wear such devices, the 
infrastructure could warn vehicles to reduce their speed, 
for example if children are playing just out of the driver’s 
sight. The ASK-IT project [1] looks at how the 
information collected from the network could be pooled 
and analysed in order to provide disabled and elderly 
people with personalised information in a way that suits 
them. This information could range from real-time 
congestion information to journey options and costs, 
plus accessibility information of the venues they are 
travelling to. 
 
For the most part what is essential to the end product of 
wireless sensor networks is the ability to evaluate the 
vast amount of data and establish what is important 
whilst discarding what is not, thus avoiding over-
burdening individuals and transport planners with 
information their neither need nor want. Extensive 
research to determine techniques to achieve this 
through data fusion is essential. Additionally, this 
information may be easy to deliver to individuals in 
urban centres but it is also import to establish how it can 
be supplied in rural areas. Alongside this, the impact on 
the individual and society of always being ‘in contact’ 
and traceable must be analysed and debated. For 
example, despite the benefits that ITS use could have 
for optimising road networks, enabling convenient 
payment, etc, the overall impact that this could have on 
personal privacy is yet to be determined. Equally there 
needs to be contingencies so that the individual can 
also ’switch off’. 
4 Conclusion  
It is evident that preparation for the future must come 
from the government through clear strategies and 
targets for the future. This will engage society and 
business, and prepare them for change, plus direct the 
research and development needed to achieve the goals.  
 
The environment could have a big impact on how we 
travel in the future; thus, identifying an emissions-free 
alternative to the energy sources used today could not 
only avoid an energy crisis but also have a positive 
effect on the impact travel has on the environment, thus 
allowing us to continue travelling as much as we do 
now. 
 
Technology could offer the ability to optimise the 
transport network, and interoperable fare payment 
systems which increase convenience will be essential 
as the emphasis for travel moves from the private 
vehicle to public transport. Research at Newcastle 
University is focused upon designing future systems 
using pervasive wireless networks deployed into 
infrastructure and vehicles, and carried by individuals to 
provide a connected environment. Complex data fusion 
techniques will be vital to combine the vast amount of 
data collected and deliver only information which 
individuals and transport planners need and want, thus 
avoiding information overload. Additionally, research 
should be carried out to establish the privacy and 
emotional implications of an ‘always on’ society. 
Ultimately, the aim is to facilitate smart travel-choices 
and efficiency, and enable economic, societal and 
environmental sustainability in the future.   
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